An excessive accumulation of anandamide (N-archidonoylethanolamine, AEA) is associated with septic shock. Results of previous studies have suggested that mRNA coding for the AEA degrading enzyme fatty acid amide hydrolase (FAAH), which converts AEA into arachidonic acid and ethanolamine, might be down-regulated in septic shock. We used real-time reverse transcription PCR assays to measure relative FAAH mRNA concentrations in the whole blood of 30 healthy donors and eight sepsis patients to ascertain whether such down-regulation takes place. Our results suggest that concentrations of FAAH mRNA in male and female samples from healthy donors are similar, but that concentrations are significantly lower in sepsis patients. These findings indicate that mRNA expression of FAAH in human whole blood correlates with sepsis, and may be an interesting biomarker for predicting the onset of septic shock.
INTRODUCTION
Septic shock is the lethal failure of multiple organs. World-wide, 1400 people die each day from sepsis and that number is projected to grow at a rate of 1.5% per year. This means that even small gains in the improvement of mortality due to sepsis can translate into thousands of saved lives each year. When severe sepsis is undiagnosed, or treatment is delayed or perhaps inadequate, a patient may progress to septic shock. The mortality rates associated with sepsis are extremely high, 30-50% for severe sepsis and 50-60% for septic shock. Therefore, early biomarkers for predicting the onset of septic shock have been sought for many years, but none have been found.
Endocannabinoids are an emerging class of lipid mediators, and are characterized by a structure containing amides and esters of long-chain poly-unsaturated fatty acids. Anandamide (N-archidonoylethanolamine, AEA) is the main endogenous agonist of cannabinoid receptors. AEA binds to both brain (CB1) and peripheral (CB2) cannabinoid receptors, thus mimicking some of the psychotropic, hypnotic, tranquilizing, and analgesic effects of ∆9-tetrahydrocannabinol, the psychoactive, principal ingredient of hashish and marijuana. 1 Peripherally, AEA has cardiovascular activity by inducing vasorelaxation, and is likely to play an important role in the control of vascular tone.
Recently, a novel paracrine mechanism of vasodilation induced by lipopolysaccharides (LPSs), present in the outer membrane of Gram-negative bacteria, was reported. LPS-induced septic shock in rats showed an excessive accumulation of macrophage-derived AEA and platelet-derived 2-arachidonylgylcerol (2-AG), which is likely responsible for the activation of vascular CB1 receptors, and contributes to hypotension. 2 The effect of AEA on cannabinoid receptors depends on its life-span in the extracellular matrix, which is determined by cellular uptake and degradation by the AEA degrading enzyme fatty acid amide hydrolase (FAAH). 3, 4 LPS down-regulates FAAH expression and increases AEA levels in human peripheral lymphocytes. This decrease in circulating FAAH expression was paralleled by increased anandamide levels, suggesting that FAAH expression is important in the control of circulating anandamide concentrations. 5 Our aim, therefore, was to use a relative, real-time PCR assay to ascertain whether FAAH mRNA is downregulated in sepsis patients, and whether FAAH expression could predict the onset of septic shock.
PATIENTS AND METHODS

Patients and study design
Patients, 20 years or older, who were admitted to the intensive care unit of Kinki University Hospital and diagnosed with sepsis or severe sepsis in accordance with the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference Committee criteria were considered for the study. 6 They were high-risk patients who may have progressed to septic shock if treatment was inadequate.
The Ethics Committee of Kinki University Hospital provided ethical approval for the use of whole blood for RNA extraction and analysis. Following written/oral informed consent, blood samples were obtained from 30 healthy donors (adult volunteers: age 40.17 ± 12.83 years; male:female ratio 1:1) by venipuncture, and from eight sepsis patients (age 54.75 ± 15.21 years; male:female ratio 1:1) using an arterial cannula into a PAXgene Blood RNA tube (Qiagen, Hilden, Germany) on admission to the intensive care unit and on day 7.
RNA extraction and reverse transcription
Samples were incubated for less than 2 h at room temperature until RNA isolation. Total RNA from the whole blood was isolated using the PAXgene Blood RNA kit (Qiagen) following the manufacturer's instructions. After isolation, the RNA was dissolved in nuclease-free water and stored at -80°C. Extracted RNA (1.0 µg) was reverse transcribed with 50 ng random primers using a SuperScript II kit (Invitrogen Corp., Carlsbad, CA, USA) according to the manufacturer's instructions.
Quantitative FAAH mRNA expression by real-time PCR
TaqMan probes and primers for human FAAH were designed by, and obtained from, Applied Biosystems as an Assays-on-Demand Gene Expression Assay Mix. TaqMan PCR was performed twice in triplicate for each sample with an ABI PRISM 7700 Sequence Detection System (Perkin-Elmer Applied Biosystems, Foster City, CA, USA) and analyzed with the software supplied (v.1.7), according to the manufacturer's instructions. In this system, the PCR process was monitored through the increase in fluorescent signal released by enzymatic cleavage of the fluorescent probe. The relative expression of FAAH mRNA was normalized to the amount of the house-keeping gene, glyceraldehyde-phosphate dehydrogenase (GAPDH) in the same sample as described in the manufacturer's instructions.
Statistical analysis
Data values are presented as the mean ± SD and statistical analysis was carried out by Mann-Whitney's U-test. P-values of less than 0.01 were considered significant.
RESULTS
The patient demographic data, and the acute physiology and chronic health evaluation-II (APACHE-II) scores 7 are shown in Table 1 . There were no differences among healthy donors and sepsis patients with respect to age and gender. Despite intensive care treatment, two of eight patients progressed to septic shock.
We detected FAAH mRNA in all samples (Fig. 1 ). Mean mRNA concentrations were significantly higher in healthy donors than sepsis patients (P < 0.01), whereas the mean mRNA concentrations in male and female samples from healthy donors did not differ greatly (P = 0.33). Next, we measured the FAAH mRNA level both before treatment (on admission) and after treatment (on day 7) for sepsis. Mean FAAH mRNA concentrations of six of eight patients (survival cases) increased after intensive care treatment; however, mRNA concentrations of two non-survival cases did not increase after treatment, although there was no statistical difference between the two cases. FAAH mRNA concentration of one of two septic shock patients, who recovered from septic shock status, increased significantly after treatment.
DISCUSSION
Sepsis patients have a wide range of underlying medical and surgical disorders, and the causative micro-organism of sepsis varies because there are so many different species of pathogenic Gram-positive and Gram-negative organisms. Furthermore, because of an absence of particular biomarkers, which also reflects clinical conditions, medical treatment tends to be forestalled and the mortality rate from sepsis is not decreased. On the other hand, previous studies of sepsis were performed at different time points from onset, which causes difficulty in analyzing and standardizing the disease status. Therefore, the search for early biomarkers to predict the onset of septic shock has continued for many years.
It is clear that intercellular signals of nuclear factor (NF)-κB activation to induce the gene expressions necessary for biophylaxis, are transmitted mainly via CD14 and Toll-like receptor (TLR)-2 in Gram-positive organisms, and mainly via CD14 and TLR-4 by LPSs of Gram-negative organisms. 8, 9 Endocannabinoid is thought to play an important role in the early mediators released during cell activation: expression of cytokines, coagulation and fibrinolysis factors, cell adhesion molecules and other genes.
AEA released from macrophages and 2-AG released from platelets are considered to be the major contributors to septic shock and pain control due to tissue damage. 2 Extracellularly released AEA is intracellularly taken in again with the anandamide membrane transporter (AMT), and then swiftly hydrolyzed into arachidonic acid and ethanolamine with membrane-bound FAAH. 3 Therefore, FAAH activity is important to control the excessive accumulation of AEA. 4 With human cultured lymphocytes, LPS stimulation down-regulates FAAH gene expression at the transcriptional level to inhibit enzyme activity and cause excessive accumula-mRNA expression of fatty acid amide hydrolase in human whole blood correlates with sepsis 37 tion of AEA, 5 although there have been no in vivo studies during disease status. Our data clearly showed the decrease of FAAH mRNA in sepsis patients, 1/100 of which may progress to septic shock via controls. Our data also showed that FAAH mRNA levels in lymphocytes are down-regulated after 7 days. From these data, the FAAH mRNA level is thought to be an interesting biomarker for predicting the onset of septic shock. It also may be a potent early biomarker for predicting the onset of septic shock. It is vital to make immediate clinical decisions to treat sepsis and septic shock since the clinical situation changes with time. A biomarker corresponding to the clinical status must benefit treatment. In our system, the FAAH mRNA level can be measured in several hours, which is applicable for predicting the onset of septic shock and its treatment.
As a result, we found that FAAH mRNA levels in all sepsis patients were reduced regardless of age, gender, causative organism, underlying illnesses and stage of illness. The mechanisms responsible for the reduction in the expression of the FAAH gene are not fully understood; therefore, further studies are needed to elucidate this mechanism and to identify its clinical significance as a clinical marker.
CONCLUSIONS
FAAH mRNA levels were reduced in all sepsis patients, and are thought to be an interesting biomarker for predicting the onset of septic shock.
